1. Introduction {#sec1-ijerph-17-02294}
===============

Alpha-1-antitrypsin deficiency (AATd) is a rare and often underdiagnosed hereditary disease, showing a prevalence of 1--5 cases out of 10,000. AAT is the prototype of the endogenous protease inhibitor (Pi) of serine proteases; it is coded by the serine-protease inhibitor (SERPINA1) gene and is secreted in the blood mainly by the liver. There are several genetic variants (generally represented by point mutations in the gene sequence leading to aminoacid substitutions) which may alter the electrophoretic mobility of the resulting protein. According to their electrophoretic mobility, these variants are labelled A--Z, i.e., faster or slower, compared to the most common (normal variant), labelled M. Pathological variants are defined: deficient variants (point mutation that causes retention of the AAT in the epathocite cytoplasma and poor blood secretion), null mutations (generally caused by the presence of a stop codon resulting in the absence of AAT in serum) or dysfunctional variants (point mutation that lead to the abnormal function of AAT with reduced activity). Common pathological variants are S and Z, with MM, MS, MZ, SS, SZ and ZZ protein phenotypes accounting for the majority of genotypes.

AATd is associated with an increased risk of chronic obstructive pulmonary disease (COPD), in particular early onset and lower lobes' predominant panlobular emphysema, which is often out of proportion considering patient's smoking history, but in some cases airways obstruction is not present. Symptoms and signs include a chronic cough, sputum, and progressive dyspnea on exertion until chronic respiratory failure. The diffusing capacity of carbon monoxide (DLCO) is more sensitive than FEV~1~ as an indicator for the presence, progression and severity of emphysema. The involvement of the peripheral airways in AATd is less well described, but patients also may present asthma. Other extra-thoracic manifestations in AATd are liver disease (with a possible evolution towards cirrhosis), granulomatosis with polyangiitis, and panniculitis \[[@B1-ijerph-17-02294]\]. Diagnosis is performed by the determination of the serum levels of AAT, protein phenotyping by electrophoresis, and genotyping where specific primers for known mutations are available; whole-exon sequencing may be required if there are no primers available or null variants are expected (intron sequencing is currently uncertain).

On the other hand, bronchiectasis is a clinical syndrome characterized by a chronic cough, mucopurulent sputum production and recurrent respiratory infections, with abnormal and permanent bronchial dilatation in high-resolution computed tomography (HRCT). These findings may result from a number of possible causes, and these may influence treatment and prognosis. It is not a rare disease, but it is rarely diagnosed, or diagnosed late, since the only way to identify such an entity is HRCT, a tool not so frequently used by clinicians.

A controversial issue is the association between AATd and bronchiectasis: in fact, the literature shows opposite reports. Thrrefore, our aim is to investigate possible links between these two clinical entities, in order to highlight any cause/effect relationship, helping clinicians in managing patients with AATD and/or bronchiectasis.

2. Materials and Methods {#sec2-ijerph-17-02294}
========================

A literature search was conducted by using the keywords (alpha-1-antitrypsin deficiency, emphysema, bronchiectasis, respiratory infections) as search terms and probing for them in PubMed and reviewing European Respiratory Journal Supplements. Articles, case reports, guidelines, and reviews were screened. Whenever there was an overlap of information, the more recent papers were selected for inclusion.

3. Findings {#sec3-ijerph-17-02294}
===========

The association between AATd and bronchiectasis is controversial and there is a lot of debate about this issue.

The first point to consider is the incidence of AATd among patients affected by bronchiectasis, and a possible pathogenetic role of AATd in bronchiectasis etiology. Chan et al. underline that there is a higher frequency of patients suffering from AATd showing bronchiectasis \[[@B2-ijerph-17-02294]\]. In fact, AAT is present in lung tissue, with extracellular lung fluid levels of about 10% serum concentration \[[@B3-ijerph-17-02294]\] and is involved in the regulation of different inflammatory pathways, so that AAT deficiency would promote bronchial wall inflammation and damage, leading to bronchiectasis. In particular, AAT is the prototype of the endogenous inhibitor of serine proteases such as neutrophil elastase (NE), which is responsible for direct damage to lung epithelial cells and supportive tissues. Moreover, it has been shown that NE could help bacterial survival because its proteolytic action could alter some extracellular soluble anti-pathogen substances such as immunoglobulins, complement components, defensins, lysozyme, lactoferrin, and cathelicidins \[[@B4-ijerph-17-02294],[@B5-ijerph-17-02294]\]. Therefore, antagonizing NE proteolytic activity, AAT protects the function of such soluble anti-pathogen substances and promotes clearance of extracellular bacteria preserving cilia-mediated bacterial clearance. Another NE activity interfering with bacterial clearance is the increased expression of a cell-surface mucine (MUC1) which is a bacterial binding site, promoting bacterial invasion into epithelial cells: this internalization shields bacteria from the extracellular immune effectors cited above. Therefore, AAT anti-NE effect may promote bacterial killing by prolonging exposure of bacteria to such soluble extracellular anti-microbial mediators and phagocytic cells \[[@B6-ijerph-17-02294]\]. Moreover, Petrache et al. \[[@B7-ijerph-17-02294]\] have shown that AAT directly inhibits the activity of caspase-3, an intracellular cysteine protease involved in neutrophil apoptosis. AAT is also probably involved in the inhibition of gelatinase B (MMP-9) in neutrophils (a molecule that contributes to neutrophil extravasation and stem cell mobilization via the degradation of basement membrane collagens) \[[@B8-ijerph-17-02294]\].

In addition, some recent studies support the hypothesis that AAT seems to have immune-modulatory functions other than its classic anti-neutrophil protease activity \[[@B9-ijerph-17-02294]\]. In particular, Jonigk et al. \[[@B10-ijerph-17-02294]\] demonstrated that exogenous AAT, independent of its anti-elastase activity, can significantly lower the lipopolysaccharide (LPS)-induced release of two molecules involved in different inflammatory pathways: Tumor Necrosis Factor-α (TNF-α) and Interleukin-8 (IL-8). Bergin et al. \[[@B11-ijerph-17-02294]\] and O'Dwyer et al. \[[@B12-ijerph-17-02294]\] showed that AAT can directly bind IL-8 and leukotriene-B4 (LTB4), inhibiting their chemoattractant activities. In addition, AAT downregulates TNF-α gene expression by inhibiting the nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) signaling \[[@B13-ijerph-17-02294]\] and reduces LPS-induced synthesis and the release of active IL-1β \[[@B14-ijerph-17-02294]\], which is an important inflammatory mediator.

All these studies are supported by another demonstration of AAT's anti-inflammatory function: in fact, Zhu et al. \[[@B15-ijerph-17-02294]\] showed that AAT has a protective effect on the development of Ventilator-Induced Lung Injury (VILI): in rats treated with high tidal volume ventilation, the bronchoalveolar lavage fluid (BALF) levels of proinflammatory cytokines (TNF-α, IL-1β, and IL-6) were markedly reduced when rats received intravenous administration of AAT, whereas the level of anti-inflammatory IL-10 was significantly increased. Therefore, AAT can ameliorate VILI by inhibiting inflammatory mediator production and authors even suggest that the administration of AAT may represent an interventional approach for ARDS patients who need mechanical ventilation.

The hypothesis of a protective role of AAT on bronchial inflammation is supported by two other studies, one in mice and the other in humans. The first one shows that in AAT^+/+^ transgenic mice that express human AAT in lungs, the mortality of Pseudomonas aeruginosa-induced pneumonia was reduced of 90% compared to non-transgenic control animals. Moreover, exogenous human AAT given to non-transgenic mice also significantly reduced P. aeruginosa pneumonia mortality. P. aeruginosa-infected AAT^+/+^ mice demonstrated reduced lung tissue damage, decreased bacterial concentrations in the lungs and blood, and diminished circulating cytokine concentrations compared to infected non-transgenic mice \[[@B16-ijerph-17-02294]\]. The second study, instead, shows that among subjects with humoral immunodeficiencies requiring gamma--globulin replacement therapy, patients with bronchiectasis were found to have lower median levels of AAT than those without bronchiectasis \[[@B17-ijerph-17-02294]\], suggesting that a deficiency of AAT could promote the development of bronchiectasis.

Another interesting finding is reported in a recent analysis of the US Bronchiectasis Research Registry by Eden et al. \[[@B18-ijerph-17-02294]\] about the frequency of Non-Tubercolous Mycobacteria (NTM) infection in patients with bronchiectasis and AATd. In fact, NTM infections are known to be common in patients with bronchiectasis, but, surprisingly, in AATd patients with bronchiectasis there was a greater percentage of patients reporting NTM on sputum culture compared with idiopathic bronchiectasis; 62.8% of patients with AATd versus 44.9% of patients without AATd. These findings are supported by the evidence that AAT inhibits rapidly growing mycobacterial infection in macrophages \[[@B19-ijerph-17-02294]\].

Evidence of how AAT deficiency promotes inflammation is reported above, but another interesting hypothesis to explain the pathogenetic role of AATd in the development of bronchiectasis concerns the pro-inflammatory of mutated AAT isoforms secreted by the liver in blood and stored in lung tissue. In fact, the Z isoform of AAT could polymerize in the lung, acting as a chemotactic factor for neutrophils, with NE release leading to damage of the bronchial wall, and finally to bronchiectasis. According to this hypotesis, Araujo et al. showed an intriguing association between phenotype ZZ and the severity of bronchiectasis, independent of the presence of emphysema: within 110 patients with AATd, 26 were found to have bronchiectasis; in this group, mean value of AAT was 59.9 mg/dL; the ZZ phenotype was the most prevalent (42.3%); and there was a correlation between the severity of AATd and bronchiectasis, with a preponderance of the phenotype ZZ (100%) within the group with the most severe cases. In particular, ZZ patients had a higher rate of exacerbations, hospital admissions, and frequency and persistence of colonization by P. aeruginosa \[[@B20-ijerph-17-02294]\]. Non-Z isoforms likely also play a pro-inflammatory role: in fact, Dandurand et al. conducted a case-controlled study about bronchiectasis prevalence, comparing 16 COPD subjects with non-PiZ phenotypes (3 SS, 8 MS, 5 MZ) with 16 COPD patients matched for age, sex and FEV~1~ with AAT levels ≤ 1.15 g/L, but MM genotype (MM), and with 16 similarly matched COPD patients with serum AAT levels ≥ 1.15 g/L and not genotyped. Bronchiectasis was more frequent in non-PiZ phenotype AATD subjects than in MM genotype subjects and COPD subjects with normal serum AAT levels \[[@B21-ijerph-17-02294]\].

Moreover, two similar case reports describe patients with non-PiZ phenotypes AATd with moderate low levels of AAT, whose HRCT showed, suprisingly, only the presence of bronchiectasis but no emphysema. In both cases, other causes of bronchiectasis were excluded. The first one is a case of a 52-year-old man, a native of Naples (Italy), nonsmoker, admitted for persistent cough accompanied by low-grade fever and dyspnea. His HRCT showed upper right lobe and medium lobe bronchiectasis but no emphysema. AAT level was 85 mg/dL. The gene sequencing revealed the presence of a new mutation in the heterozygous state, probably responsible for the S bandage obtained by electrophoresis; this mutation corresponded with a new S allelic variant, not identified before, that the authors called S-Napoli \[[@B22-ijerph-17-02294]\]. The second one is the case of a 52-year-old woman nonsmoker, with an history of frequent pulmonary exacerbations, with bilateral bronchiectasis at the middle lobe and the left lower lobe with no emphysema. AAT level was 78 mg/dL. The gene sequencing showed the presence of a novel missense mutation in a heterozygous state on a M3 allele \[[@B23-ijerph-17-02294]\].

Conversely, Shin et al. \[[@B24-ijerph-17-02294]\] found that the frequency of the association between AATd and bronchiectasis is not relevant. Lonni et al. \[[@B25-ijerph-17-02294]\], in a population of 1258 bronchiectasis patients enrolled from different European countries, found only eight cases of AATd (0,6%). Pasteur et al. \[[@B26-ijerph-17-02294]\] reported that there were neither patients with PiZZ phenotype, nor a significant increase in the frequency of partial deficiency AAT genotypes (PiMZ, PiMS) in patients with bronchiectasis. Different phenotypes showed the same frequency in such a group and in overall population in the United Kingdom; all the bronchiectasis patients had a normal serum level of AAT (between 0.9 and 1.8 g/L), while in only two Pi-MZ subjects was there a lower value (0.7 and 0.85, respectively).

On the other hand, an interesting question is: how many patients suffering from AATd develop bronchiectasis? Cortese et al., on behalf of Italian Registry of AATd, underline that 58 cases of bronchiectasis (12%) have been identified in a cohort of 475 patients suffering from AATd, but prevalence is clearly higher if we consider only subjects who performed HRCT (58 out of 193, i.e., 30%) \[[@B27-ijerph-17-02294]\]. Similarly, Parr and coworkers describe a prevalence of 27% of bronchiectasis in subjects with PiZ genothype (20 out of 74) \[[@B28-ijerph-17-02294]\]. Moreover, a similar result is also reported by a retrospective study of 114 AATD patients in a Portuguese hospital, who underwent a CT scan: 29.8% had HRCT evidence of bronchiectasis, AAT mean serum level was 66.0 ± 33.9 mg/dL, and patients with bronchiectasis had lower AAT serum levels (*p* = 0.015). The presence of bronchiectasis was related to lower AAT serum levels and to the presence of emphysema, although \>1/3 of patients had bronchiectasis without radiological evidence of emphysema \[[@B29-ijerph-17-02294]\].

4. Conclusions {#sec4-ijerph-17-02294}
==============

Our research displays an increasing number of papers about AATd and bronchiectasis, but the association is still controversial, even if, as reported above, there is a lot of evidence that could suggest a pathogenetic role of AATd in bronchiectasis development. Therefore, the questions are:

\(1\) Is it necessary to screen for bronchiectasis development in patients with AATd?;

\(2\) Is it necessary to screen for AATd as a cause in patients with bronchiectasis?

Regarding the first point, the European Respiratory Society statement for AATd include bronchiectasis among underlying, possible, comorbidities in AAT deficiency but there is not a clear recommendation to screen bronchiectasis in AATd \[[@B30-ijerph-17-02294]\].

About the second question, European Respiratory Society Guidelines for the management of adult bronchiectasis recommend only three aetiological tests in a patient with a new diagnosis of bronchiectasis: differential blood count, serum immunoglobulins and tests for allergic bronchopulmonary aspergillosis. The expert panel suggests that only the presence of lower lobes emphysema or early onset airways' obstruction could represent an indication to screen for AATd \[[@B31-ijerph-17-02294]\]. Similarly, British Thoracic Society guidelines for bronchiectasis in adults state that there is insufficient information to decide which bronchiectasis patients must been screened for AATd, therefore, in this case authors also limit the screening to cases of basal panlobular emphysema \[[@B32-ijerph-17-02294]\]. Considering this limited AATd screening in bronchiectasis patients, although the data presented above document a possible role of AATd as an underlying etiology of bronchiectasis, the majority of bronchiectasis patients likely never received AATd screening. In fact, in 2014 the Italian Respiratory Society (IRS/SIP) conducted a national audit on adult patients with bronchiectasis attending secondary care hospitals in Italy; only 8.2% were tested for AATd \[[@B33-ijerph-17-02294]\].

We believe that, in patients with bronchiectasis, a preliminary low-cost screening of AATd (dosing serum AAT together with C Reactive Protein) could be useful, because it could considerably alter the clinical management of patients, offering the possibility of an eventual adjunctive-specific therapeutic intervention (AAT replacement therapy).

In conclusion, such an issue deserves higher regard in the management of both diseases, but mainly in bronchiectasis patients, where possible therapeutic strategies of AATd could improve the management of such disease.
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